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Yhiea investigetion Le concerned with the problem of 
optaining a meane fer designing reinforcing dooblers for circu. 
ler ontoutse in tenalon panels. Tenszlen panels inslaude sendwich 
tone eseterisl on which the doublers acy be riveted or bonded. 

the enalysie vag Lindted to a plane ahact of infinite 
width, 411 tests were performed on Metelite with .UCo in. 
faces and .5 in. balee cores, 

Trom previously detercined formules, a chert wre 
developed which expresses the maximus stress concentrstlon o% 

p satout asa a function of the retioa of doubler radius to cute 
out radiug anf of sheet thickness to doubles thickness. “he 
resulte of the teate on noneinfinite “ebelite verifies this 
ehert and eleo demonstrated that tending is superior to rivete 


ing es n seene ef nitachment of Joublers to letelite. 
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ST AT Se 


the medern onirarc’’$ hes beaome faeter, hervier, sani 
more dependent os e leree early ef fash, The etrastares ors 
soerlex aad hare sora cutouts for saceasory holes, door:, vine 
dove, ete. I$ is neceusssy, therefore, tint tuene cutoute be 
yeinferced tn wich 2 manner es to ovevite maziaun strose ree 
égetion at 2 piniwan weieit. At the present time thie ie sore 
or leee o "out and try" process, 

Sanfiwich tee meterinl is one ef the new developmemte 
for sirereft. It consiste of tuo Win sheets of metal with « 
relatively thick, ne 





sageneme, oert of low density metornil 
vondlet together, “einfersins Goublera any be internelir domed 
or extermeLliy riveted. 

Thie dowadtlertion was undertsren with teo theus-te 
in mind: Pirst, to derive - reens far deterstoaticn af the 
treser aise of deabler to he ased for a eiven cutmit, ond; 
feconé, to compere the bonded 4oublora with the rivete! covblers 
es te their effsctireress in the reduction af atrems ool0Gl- 
tretion. 

“he ansivels wes Limited ta the seniitien of anifar 
tension sppdted to 2 olene eheet of infinite with herion = 
eentretly loneted civeuler eateat «16 coutentric dahler. 
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The tests vere mde on Vetelite penele fabricated tw 
Chenee Yourmt Mivision of “nited firerci$ Corr. The panele 
ted OSS in, feaee of FORIAG Alelad and » .G in, eore of 
Ful? Yh/ft? dewsity end erein bales, Yher were bonded with 
Nefux, Interns] doublers of .002 in. and .066 in, and an em 
ternal riveted Aoubler of 1.964 in. were used, Jutouts varied 
from 2 in, to 5 in. while the dowblers were 9 in, in diester. 
# unifern condition of tenesien waa etteuphed tut not echleved 
for the teste. 

“he sexthor vwiahkes to exprese his epprecietion to 
ivofesser Joseph 4. Vise for bie yrlusdle sdvice AM esgictence 
an 021 pheees of the teveatimtion, and to Pr, ©. F. Seeloneuch 
ané @, U, C, Broding of Ghense Yought ¢irereft Hvision far 
their aseteatence in heloing formicte the preblen and for fare 
niehine the Netelite teat prnels. 

Shie projest wee earried out during the ecadenic yeer 
JOMA198e at the Universite ef “innesets under the qucerriction 


£ trefessor Jomeph 4, Vise, thedie edviser. 
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ifs plane sheet of infinite width hes 2 sent eelly 
.coated hole and is mabjected to « uniform tensile leat, it 
will be found tiet ° aexinus atross concentration oscars al the 
vorder of the hole at an ensle of 90" fron the @irechian of the 
apylied tension. Yras . Yenant's principle, it azn be con 
cliuged thet the stress increase diminishes raridly sway Pron. the 


mele, 





Pieare 1 


Sonatdering Fig. (1): os eiven im “ef. (2), tf d 
is large in comparison 40 a (five times er more), 1¢ on Bo san 
sined $hat sirecsea of ondiusa b sre easentialig the same en in 
© plate with no hole end ere given ae; 
aren = 4G +S Cos 20 
(Drayeen = ~4 S Sin 28 
Shean forges scting om 6 ring of radii a end b heve been ciom 


to give the etrese distrivution within the ring expressel by 
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1% oan be found thet sdien r = a and o:f. an thes ov= Jiro =0 
and that Gea = Somex « 55, 

it ie this atrese concentration of 25 thet mast be 
reduced ty 2 reinforcing doubler. ae shown in lief. (>), the 
edere formilag were further developed for « rinte with - deubler, 
There formulas with thelr constente ars conkeined in Appendix a, 

igeminetion of the formiles in App. A ghows ther to te 
quite lengthy and difficult te use. Further exeninntion reveals 
thet dineneionlesa coefficients msy be employe? in the forme 
esd their complexity sey be reduced, 

Beeause the point at the hole border st @= I, is 
the principle point in question, the formule for Og;, 8 civen 


in App. 4, wee the one selected for further develosment. 
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The follovias eywbols were used; 





a ® tadiius of cutout 
& w redtus of doubler 
te * thickness of sheet 
ti = thickness of sheet ond doubler 
be 4 
qs - 
|S epplied atrees 
Oa,% gtreg¢s et hole cue te 46 sospane t of rafial stress 
t% stress at hole cue to is coe DOcanponent of radial stress 
end «+S Sin DOsempenent of sheer strees 
%* totel atrese ct hole in terme of 5 
“L* TFelesonts ratio 
W @s 2) em (i +2)" Ls (wes 
Pe {1 42) I oe (3 + Fae) Pa (3 +23) 


98 (1 a2) 38 (5 = %& 425 
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if the shove dimensionlegs ration, q and k, ere 
substituted in the Jo, forcules for 6-= end Pe, the 


following formmies are the result, 


TEP pee IEP 


09g = Oem + Te, 


A plet was sonstructed forGoyve. & for vertaus v-buss 
of gq. It te illuctreteé as Fig. (1). Thhe chart provides « 
souvenient means for obtaining maximum strese ot a hole for 
Siven @dimanelens of the sheet =né doubler, 

She formulae of App. A. were considered further for 
etresses in the sheet outeide of the doubler, 5[J$ wns found thet, 
oven for very nertow doublerse, if the strese et the hole 1s not 
retuesd below £, the stress st the wininun section will never 
be gzreeter then the strese at the hole, The strese at the hole 
ie then the mexizam end need be the only one to covselider, Pig, 
(2), therefore, le the only plot thet neef be mele from the 


etrage Tormuine, 
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One of the prime connifderations in the denim of « 
doubler ia the question of weight mering. Fis. (f) ean be 
uaed to erloulete the weights of doublere that orovide tie 
sane atreen reduction, The helov formula can be aced for 
calgulntine the weight of « doubler. 

weight » (denelty) (volune) 
we PCT }o® = a®)($1 = t0) 
we fn e®tole® . 1 ~ i) 
Veing Tig. (3} typleal ceaes cen be evelusted. It will be found 
thet the thicker doubler with the eamlier radius will be the 
Lisktest. In the region of ascli &, however, the Jonger of 
lnntoguste etreas reduction would be prevalent. 
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The test specimens consisted of four Nebelite panels 
fevrieated bye Chence Yought Airereft Civision of United (irere?t 
Serperation, The faces of the pemele wers ,CIS in, FOSTA6 Al- 
Glnd, The core wae ade of 7 - 9 lhe/ft? end grain beler. A121 
penela were bonded with “eduz, As reesived eaoh panel mesgured 
Mi in, x 37 in, with a i} in, x 16 in, 756T aluminum insert 
at each end. Gne panel contained no reinvercenenta: two pemela 
bad 9 in. Glameter, centrally positionad, internsily benced, 
doublere of .CG2 in. nnd .0646 in. 750966 Alclad, The cennine 
ing panel head = 9 in, dismeter, 44 in. slumimm extermmel 
riveted doudler on each fece. The rivets used were Hugk Sroeter 
Heed Blind Sivet, BPRf4D, 1/f in. diameter. 

fo prepare the panele for testing, « centrel hole of 
= in. dlameter was ext in each, Yor attaching te the supzort- 
ing epperatae, SH belt holes of 5/18 in. were 4rilled in eoch 
endl, Saldwin 32-4 clectric strein mses vers cemented to the 
onmele ot veriows leentions. The types of gares vers, ‘7, 
Swill, Be, ond 201%, The very emrll gars lengthe of sost of 
those cares ante them very adepteble for sineenent nenr the cute 
out boundary. 

Figs, (4),(5),(6),(7), sat (8) are sketches and plole~ 
ereple of the test specizans civing pertinent étmensiona ond stroin 


Mice looetions. 
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The principle testing agperntue vas 0 Southwrs® cory 
teating mohine with Tatee’mery los? indlestor sapufectured by 
the “eldwin Southwark Yivision of Wiéwin Locomotive “orts, 
"hiladelphie, fs. The stmiin indisating device was the Antler. 
son M4 coint Stretmmeter, Noiel 0C1, semnfectured by irthur «, 
éaéersen, Syringdele, Sona. A etendard gtivanemnter ex) tee 
ik volt dry cella completed the memmiring apgerstun, Wied 
strain caves, of the tropes uned on the panel, were mounte’? on 
& geall plece of Nefalite end were used for Semperstare compaie 
srtiag geges. 

In an attempt to obtain a wiiform distribution of the 
iosd eeroes the top of the panels, en ettactment rie wer fbri- 
anted from stesl. She Land from the test mechine wr trenesktted 
to two 3 in, chenmel berme wiich in turn tranamitted the ler? to 
two 6 in. 2 2 in. plates through four 2 in, x 3/8 in. ebeel bers. 
The plates were belted ta the panels through the slatiaw: in 
serts with 55 3/16 in. bolte. Fie.(9) shows the comlete tent 
setup ané Tie. (10} etves = lerser view of e penel cn’ ite rte 
tachment gerr. 

4 panel wee mounted In the testing machine am’ the 
strain cace lesce fron the test and compenarting megeserre com 
nected to the streiherter, “he lowd was run up to 20,00) lbe, 
an’ down to sero te set all aren. A Lond of 198 Lhe. wee tuen 


Put on the penel ané #11 strain reedings were si juste! tc sero. 
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ell. 


She gaekine was run up to 6,100 lds. ent reedings from tle top 
six epres vere tekken. [4 wie desired to ante theae mmeme rosd. 
eguelly in order to produce e stxte of uniform tensten seroag 
the plete. Since they were never equnl, the los* uae ran fawn 
again and aiines were plinced under the bOl% eupperte of the 
various 2 in. leeding bars. The atrninmeter voul? te re-serced 
at 100 lbs. and » losd of 6,100 Ibs, would be tapregeed acain. 
Thies =rocese vould be repented as mony x2 20 tines urtil the 
best soseible loading wes obtained. “he wiiform tension condi-~- 
tion, hovever, was never attained. 

fUth the fine) skhieming completed, 211 eres vere 
reezeroe’d for 100 ibe. and the first lond of 6,19 lbs. wes 


ed 


got on the apchine, At this leading all geces were reat, The 
loadings vere then inereserd to 10,000, 15,500, 20,000, 
36,000, and $O,CCO lbs, and a reading of 211 aenen mots for anch 
Lond. The loading wae then reduced te 10 lbe. an? the cero 
rescing checked. 14 wae Zound that for the riveted peel tie 
sero reedinge were off np congidersble scourt. This wea due to 
the feat thet the doubler wae not fabriested from 75IT.6 Sicied 
ee were ol] of the other doublers, Thie ron wes recente’ osing 
& maxieum losd of 25,000 lbs. For thie lorting the sero reed. 
ings vere eetiatactory. “he penel with no doubler wae Limited 
to = 20,000 1b lond in orfer to atay below the yield point. 

“hen ench of the four penels hed been teste’ once, the 
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cuteste wore enlarped to a 4 in, @lemeter, If any atrein go-es 
were ¢dectroyed in the process, nev ones were ineteliel, over 

the tests et 4 in, dianeter, the holes were Increseed to 0 in. 

mm: the finel tests were mode. 

Simee ell eemes were on an oxis of spmmetry in co ten 
pentiel orientation, with the exception cf a few on the riveted 
doubler, the etraln reatings were converted to stresnce iy the 
formmia; 

Sy =e Cyi(7,06 
wie @ 
"he pease tector correction, (2.05)/(2.7.), was necesesry beomuce 
the drferson Steainmeter is constracted with a built in moe 
fnetor ellewance of 7,05, The etrusses thus chteined from the 
teste are recorded in Tebdles I to XII, 
An additional serrection was saeessary for gone of the 
eevee on the riveted doubler. Oeesuse of interferinc rivote, 
sows goges hed to be loceted off of axie of aywmetry. “he 


methec of eorrection for this offset is embtsained in afpendiz .. 
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ABALTSIS OF GILES 


Ag breught ot in the previgue section, 16 wan ine 
peseible to obtain e dondition of aniforw tension in the benele. 
Stnee cil govese on the front sheet ef the panel were nob fupii- 
anteéd on the roar, it war neseganry to consider the mioee om 
the front panel only, 4s indicated by ances 1 to G, the frort 
Demel teok frem 48.4 to SS percent of the tete1 Lowi. Tele All 
gives the values of lond taben by the front farce for ench run, 

he Yesulte of 211 experinentsl rane were plotted and 
SFe iliustreted as Pig.(11) to (22). The carves represent tone 
fentiel atrees, Go, ot the uininum section of the picte vu. 
Tediua from the center of the hole, 

For the theoretical results, it woe assumed tect the 
helen core took ne pert of She lost. This smounts to an error 
ef lees then 1.5 percent: see App. 8, The theorr, as civen 
in Sef.(e), for plntes of non-infinite width was used for com 
perison with the penels having no ¢oublers, “che theorstiearl 
etrees distributiong as given in thet referenoe, were plotted 
on Tigs. (11), (12), and (19). Uweminetion of thease plots show 
exdellent agreement in the ares of the outeut. The theoretior2 
stPreas becomer higher than the measured stress for posit lone 


evay from the eutout, Thie coul’ de due to the nowanifor 
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eontition of applied etrees in the ponel., All test curves sre 
coneistent in shape with the theoreticon] carves. 

Yor the panels with doublere, the ueery of “et.(b) 
wee used far comparicon. The theoreticsl stress curves ere 
@hovn on the rearining Pigs, (411) to (27), 

The test requlte for the bonded écublera show oze 
cellent correletion with the theory of Ref.(b). The most new 
ticepble deperture from the theory is for the .GO2 in. doubler 
wth 5 in. cutout where the sescured mecimum etreseee ere sicher 
them the predicted stresses; see Fiz.(90). This is most prow 
bably due to the condition eof noneinfinite width of the teat 
Desele., Ae shom on Fig.(10), the etreas for e 5 in. bole with 
no reinforeing is 4.245 ineterd of 28 fer en infinite plete. 

The other deperture from the theoretice! carves occurs of the 
outer boundery of the doubler, This was expecte?, eines the 
theory raguires » discontivalty im the stress curve whieh could 
mot possibly exist. 

The maxima stronees at the autout for the bonded 
doablers were Saker from the reapectivea plots and divided dr the 
eGvlied etréese for 211 los¢ings. The valuer thus obtelued vere 
wyveraged enc recorded in Peble XIY. These seme valuer vere 
Dlotsed on Fig.(2) wich wes developed in > rravious section. 
“he experimentel pointe show excellent cerreietion with the 
theory developed for Fig. (2) when it is remocbered that the t).eo- 


reticnl curves are for e plete of infinite width. 
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Tt should alee be mentioned thet wifle the stresses 
et the holes were taken almost to the yield point of the me» 
terial, weich te G,0C0 pel., no lost in tranemiaelon ef stress 
by the Redux bending was eprarent. 

fhe veguite abteimad from the riveted external dow 
vler are ant consletent with the theory, It first appeared thet 
the etrese obtained #% the cutout wee less then the theery pre- 
Ricted, #inse this was suepected to be Freliee, an Ani? eeee wes 
inetelleé on the ineide plate for the run with the 5 in, hole, 
Ae thewn on Pig. (22), the atrece in the plate in considerably 
higher then the stress on the doubler ond higher than the thace 
retios] etrese. It ta olwicas tant the rivets were not effece 
tively trenseitting the leet te the denbler. This aay heve been 
due te too few rivets, eapeelelis in the ense ef the 5 in. cute 
out, er ive te the tyre rivete used. In thet ense the rivets 
were Nuck Blind Mystse. The sexieum seseured strecenms at the 
gutont houndery for the riveted panel sre elec recorded in 
Table AIY for comparison with the thesretioas1 ant bonted dow 


hler etreeses. 
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Pron the experimental resalte obtained in this teat, 
it ean be concluded that the chert, Fi¢g.(%), developed for 
doubler pintes for circular eutouts in on infinitely wide pliene 
sheet ony be useful in foture design of doubler rings. 

It een be further sonciaded thet interned bonded 
doublera ere superior to externel riveted dewblere in reducing 


stress coneentretion around a cirquisr cuteat in Metelite, 





(a). 


(b). 


(a). 


(4). 
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FIGURE 4 
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FIGURE 6 
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FIGURE 7 
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RIVETED DOUBLER 
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Figure 8 


Test Setup 
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Test Panel With Attaching Apparatus 


Figure 10 
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TABLE I 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL — NO DOUBLER - Zin. CUTOUT 


Past roro0 | ss100 | 2oioo | 
Fact} Load,lbs. 10100 | 15100 | 20100 
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TABLE II 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL -.032 in, DOUBLER ~ 3 in, CUTOUT 


(cme [A 
ee Roc eee 








TABLE III 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL - .064 in. DOUBLER - 3 in. CUTOUT 


rs ee 
ps ame Fact .|100| 6100 | 10100 | 1s100"| 20100 | 26100 | soi00 
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TABLE IV 
STRESSES FROM STRAIN GAGE READINGS 
METALITE PANEL ~ ,064 in. RIVETED DOUBLER — 3 in, CUTOUT 

Gage | Type |Fact.| 100] 6100 | 10100 | 15100 | 20100 | 25100 | 
17800 
20700 
22000 
22450 
19900 
22200 
18400 
18200 
18690 
8020 
7680 
5530 
5310 
-1105 
21950 
20750 
23150 
22450 
-11480 
~1660 
387 
829 


2770 








TABLE V 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL - NO DOUBLER ~ 4 in. CUTOUT 


Gage 
= Fact, | 0 [ei00 | toi00 | 15100 | Boieo 
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TABLE VI 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL —- ,032 in, DOUBLER ~ 4 in, CUTOUT 


fan joe fa 100 6100 | 10100 "20100 | 25100 | 30100 


psi psi 
A-11 |2.08 22850 | 27500 
23950 | 28850 
22250 | 27100 
23750 | 29835 
23350 | 28050 
24500 | 28150 
42900 | 52700 
46300 | 56200 
14870 | 31500 
27850 | 35150 
13850 | 16800 
14920 | 18000 
16520 | 19650 
19800 | 23900 
21400 | 25800 
-13600 | -16400 
-13800 | -16750 
-5530 | -6580 








TABLE VII 
STRESSES FROM STRAIN GAGE READINGS 


METALITH PANEL — .064 in, DOUBLER ~ 4 in, CUTOUT 


Soe none i we. ol ee ee 





A-11 | 2.08 
oleh 
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TABLE VIII 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL —- .064 in. RIVETED DOUBLER = 4 in. CUTOUT 


som PTR 10100 | 15100 | 20100 | 25100 








ae 





TABLE IX 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL =~ NO DOUBLER ~ 5 in. CUTOUT 


Fact, [100] 660] foto T tsto0 | Tsi00 | 
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TABLE X 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL - .032 in. DOUBLER - 5 in, CUTOUT 


A-11 /|2,08 on 
24650 

20750 

21350 

22500 

23200 

1,91 45300 
50600 

16650 

16500 

18300 

20550 

21050 

22500 


-17690 
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TABLE XI 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL — .064 in. DOUBLER - § in, CUTOUT 


Load 


ST 
a Fact.{100] 6100 | 10100 | 15100 | 20100 | 25100 | 30100 | 








TABLE XII 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL —- .064 in, RIVETED DOUBLER -~ 5 in. CUTOUT 








TABLE XIII 
PERCENT OF APPLIED LOAD 


TAKEN BY FRONT FACE OF TEST PANELS 


Percent of load taken by front face 
Panel 


No Doubler 49.90 49.20 


032 Doubler 49,02 48.60 49,60 
Rivet Doubler 









TABLE XIV 


MAXIMUM STRESS AT CUTOUT 
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APPENDIX A 


STRESS FORMULAS AS DERIVED IN REF,(b). 


The following symbols were used in Ref.(b): 


s . 


ti - 


to =- 


O@ = 
5, = 
Oy 


Ore- 


hole 


applied stress. 
angle measured from the direction of the load. 
radius of cutout. 
external radius of reinforcing ring. 
thickness of ring and sheet. 
thickness of sheet. 
Poisson's ratio. 
modulus of elasticity. 
tangential stress inside of the ring. 
tangential stress outside of the ring. 
radial stress inside of the ring. 
radial stress outside of the ring. 
The solution, as developed in Ref,(b), for a circular 


with a reinforcement ring considers the stresses in 


the area of the cutout as being created by two forces existing 


ata 


radius far away from the cutout; the radial force As, 


and the combination of the radial force, 4S Cos 29, and the 


shearing force, -$S Sin 20, 
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Stresses due to the radial component (38): 


ye aE& [ovee) Aa ~ (re) Be | ) Tog = & \(r4a) A; (120) BE | 


Tas = | (144) A, - (14) Be > Te, ve Userdor Gx) Se | 


Where 


A; a - b te S f | | 
ECitu) Laren, -to)-b 4 (itu) - bbe Ue) 
B; =- ab BS ee 
Bian) Vid ie he 4. ee Gre) bao Gee 
hoe 2552 
2ZEC tun) 
Bo = 





ral a Nae b*(-a.)(t2-te)- akc (ze) -a*€o+e) | 
2ECt~4) LAXtuWt-b )- be Ctra) - 64 o(/-« ) 
Stresses due to radial comronent (2S Cos 26) and 


shearing component (-4S Sin 26): 


gee -(2 A. n 4 Can Dé ) ees ZO 
Y 


Oyo = Al ye + & Co + oe De ) eos 29 
r 2. 

eyes (2Ac 4/2 Béy*+ Gt ) cos FAS) 

TG0 = 


(2 Ao + (2 Bor™ + 6, @. ) ces 28 


The Constonts are given on The following PO9ES. 
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wun Ain ~ 8.636 J 2 (oa) +tle(rou] Le tr) ttl) 
+ ae ma (1+) -tite (va) 


Num. Bi = - ae é stb -t “wy +a Erle Citi) - em 
4 i ait? 


mum. Ci a { Ble (44) 4 Gal] ee ee E » e4) -& Lo (4) -f 
num, De -3 (2 fe tx) 4 bia) Bat ital) ding 


NUM. A.j = ce =| 


0 


Num, Be = 


Tee Ce -3/-S [24 too ( faee®) + 5% ae bo” Ga} v«)] 
rakes te (2tetu) 42 *(Hut: —ty(3 pu*) | 
oF ce 

ers 2 & to(7+Gu 43°) 34; (1m) -3 to (itu) | 
> s Be tein) Ge (ieee) te ee | 
sgh (uz) +t Ga tarbralina)] § 





nan I), = -3 je F ite (1-0?) ce bi *(i40) to (3-4 X 'tMA ) 
oe | 26 bose) - t27( 11) te ( 344) | 
108 Feit Ca)" a r= 60'( a)” | 
at 


+12. [eee ce te*(4u)°- Bs Go| 
4# 


«1B 26 be (ra) 0m) ties) 


DENOMINATOR= a? Etbo( 5-242) + t7BraJetu ) +6 (ssali)] 
a 


+ reas to ui oy) - 1G aXe tu) + te (3 vu*)| 
at b® 


e S|? tite (tu) a Ce (7 ne (14x) “| 


a* b& 


+ 3 |? ti be (ror) - te GaN ita) + bo (Ha) | 
b °o 


‘ Sak |(4.-te)” (s-«Kite)| 
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APPENDIX B 
CALCULATIONS 

Symbols: 

A - area, in? 

E ~- modulus of elasticity, psi. 

o - stress, psi, 

€ «strain, in/in. 

ld - load, lbs. 

G.F, —- gage factor. 

S  - applied stress, pei. 

9 - angle measured from the direction of loading 

a - radius of cutout, in. 

b - radius of doubler, in. 

te - thickness of core, in. 

to = thickness of sheet, in. 

ti - thickness of sheet and doubler, in. 

k = ratio of radii, bd/a. 

q - ratio of thickmesses, to/ti. 

Og, - tangential stress at hole due to (48) component of 
radial stress, psi. 

Oe, - tangential stress at hole due to (4SCos 26) component 
of radial stress and (-1S Sin 20) component of shear 
stress, psi. 

ey-ae Ca + Tap - total tangential stress at hole in terms 


of applied stress, S. 
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AFPENDIX B 
CALCULATIONS 

Symbols: 

A - area, in? 

EB ~ modulus of elasticity, psi. 

o” - stress, psi. 

é - strain, in/in. 

La = load, lbs. 

G.F, - gage factor. 

8 - applied stress, psi. 

e) - angle measured from the direction of loading 

a - radius of cutout, in. 

bd - radius of doubler, in. 

tc - thickness of core, in. 

to - thickness of sheet, in. 

ti - thickness of sheet and doubler, in. 

k - ratio of radii, b/a. 

q - ratio of thicknesses, to/ti. 

Oo, = tangential stress at hole due to (4S) component of 
radial stress, psi. 

Oe, - tangential stress at hole due to (4SCos 28) component 
of radial stress and (-4S Sin 20) component of shear 
stress, psi. 

Je = 0Q.+ 58, > total tangential stress at hole in terms 


of applied stress, 8S, 
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Et ~ (3 ~2) 

m= (142) 

G - (1-2) 

H ~ (1 +4)" 

I - (3% 2a —<") 
Jaan(S = 2214-2") 
L - ( 4-4") 

M = (3+4°) 


PERCENT OF LOAD TAKEN BY METALITE FACES: 





Ld = ld + Ld Metalite - 18 in. wide 
total faces core to = .032 in. 
Ldy = App + ALO, = .50 in, 
= 10,3 x 10> pale 
Ld, = AgEpf, + AgEQE, = .0166 x 10° psi. 
Ld _ ApE E> &e= €. 
ay rae ae 
Ldy Agi eSe + Age QS, 
L 
wee (2) (18) (.032)(10.3 


Edy ~ (5)(4e)(.082) (10.3) + (1)(18)(.5) (.0166) 


Lag 
Ld, 


= ,987 
Faces take 98.7 percent of the impressed load. 
THEORETICAL APPLIED STRESS: 


zero loading 100 lbs. 


first loading = 6100 lbs. - Te eal Nae) Chis 
ALd = 6000 lbs. 


stress = Ald = 6000 = 5220 psi. 
1,152 





‘STRESS OBTAINED FROM STRAIN METER READINGS; 


Load Meter Metalite - No Doubler 
100 lbs. 0 3 in. cutout 
6100 lbs. 1070 Gage No. 7; SR-4, A-19 
Aread = 1070 Gage Factor = 1,63 





B= 10.3 x 108 psi. 


éz Te) 


€ = (1070)(2.05)(107°) = 1346 x 1076 in, fin, 


os €E = (1346)(10.3) = 13880 psi. 
CORRECTION FOR STRAIN GAGES NOT ON THE AXIS OF SYMMETRY: 


Riveted Doubler 
3 in. cutout 


@ = sin? 6 . 16°15! 
3.15 


@=2 90 - = 73°45! 





= 2 T= 


=s {4 +(1.5)2) - 5S /1 + 3(1.5)* ) Cos 2(73°45t) 
ou § (1 HUB.) - 3 (+ * SEL.) coe 


Oo, 2 5(.7435) - 8(.855)(-.844) = 1.46555 
5 


% = 3(**S)-3(** S) Cos 20 
r* 


Co, 8(.7435) - $(.855)(-1.0) = 1.59855 


Ge = (1.5985) on, 2 1.090% 
°B 1.4655 ‘ 
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PERCENT OF LOAD TAKEN BY THE FRONT FACE: 





Meter Readings Metalite ~ no doubler 
Gage Front Rear 3 in. cutout 
1 990 Gages = SRe4,An1i 
2 950 Gage Factor ea 2.08 
3 840 Load = 10100 lbs, 
4 850 E= 10.3 x 108 psi. 
5 940 
6 1000 
sum 2770 2800 
Ave. & front = (2770)(2.05) (10.3) - 9100 psi. 
~3” (2,08) 
Ave. rear = (2800)(2,05)(10.3) = 9200 psi. 
(3.68) 
Avg. ldp = Sf Ap = 9100Ap 
Ave. Ldr S Oy Ay = 9200A, Ay = A, 


Ld, = Ide + Ld, = 18300A 


Ldg 


Teds 
The front face takes 49.75 percent of the load. 


9100A_ = 4975 
TSSOCA 


THEORETICAL MAXIMUM STRESS AT CUTOUT: 





k=b= 4,5 = 3 
a 5 
Eo 9 
k* = 81 
x = 729 q= to 2 ose = i 
ti 064 5 
x® = 6561 


cae is 
i 
tab) 

Of 
1} 
bh 





- 59 - 


EY = (3 -) = 2.7; Fs (1+) = 1.3; Gs (1 -~?) .91 
H s (i+)? 21.69; I= (3+ 2 -~%*) = 3.51 
J = (5-2ety7) 2 4.49; Le (we -~*) = .21 
M = (3+.47) = 3,09 
S.2 
Ce, = 





Gg= CQ@ + Ub, 


Substitution of the above constants in the formulas yield: 
Ca,= .634S8 


6g = .634S + 1.3415 = 1.9755 




















